(3-3, Yamate-cho, Suita, Osaka 564, Japan) L-Ascorbic acid (AsA) is widely used as an improver for breadmakinglinstead of potas sium bromate.
AsA is easily oxidized to dehydroascorbic acid (DHA) in neutral aqueous solutions in the presence of oxygen .4,5) n DHA derived from AsA by AsA oxidase , air oxida tion, UV light, and metal ions5-8) oxidizes SH groups of gluten molecules in dough. When SH groups are oxidized to SS linkages during the mechanical mixing of dough ,9) some changes in wrapping of starch with gluten may be considered.
Also , network gluten structures thus formed containing SS linkages , result in the holding of a favorable amount of gas in the crumb of the bread baked ." From this point of view, we intend to understand some changes in dough, such as gelatinization temperature , number of SH groups , dough strength studied by f arinography, and scanning electron microscopic observation . [10] [11] [12] [13] MATERIALS AND METHODS
Materials.
Wheat flour used in this study was the brand name "Hermes" made by Okumo to Flour Milling Co ., Ltd. from Western Red Spring and Hard Red Spring or Winter. The protein contents was 11.8% and ash was 0.38% at 11.8% moisture. Dry baker's yeast used was kindly donated from the Toyo Jozo Co ., Ltd. DHA and 2, 3-diketogulonic acid (DKG) were prepared from AsA, as reported.14) Other reagents were of analytical grade , unless otherwise stated.
Preparation of dough by sponge-and-dough method.4) Wheat flour (280g) , sucrose (17g), and NaCI (5g) were mixed in a polyethylene bag. The mixed materials and 210g of water containing 14mg (50 ppm) of AsA , DHA or DKG were mixed in a pancase . Bread was made in an automatic breadmaker sold as "home bakery" for domestic use (SD-BT3 , Matsushita SEM of wheat dough Figure 1 shows the results of SEM of dough sample containing 50 ppm of AsA or DHA. Most of the starch granules in the control dough were uniformly covered with gluten molecules.22) So, the surfaces of both the large primary and small secondary starch granules looked quite smooth. However, gluten molecules tended to take rod-like or filamentous forms by the addition of AsA or DHA (as shown by arrows).23) Furthermore, most of the large primary starch granules seemed to be uncovered with gluten. That is, gluten tended to be separated from the surface of the starch granule, because of the tendency of the solidification of the gluten. Effects of AsA, DHA, and DKG on the changes of wheat dough in farinogram Farinography of dough containing AsA, DHA or DKG was tested (Fig.2) . When the f arino grams of AsA or DHA were compared with those of DKG or control, the development times of AsA, DHA, DKG and the control in the farinogram were about 4,5,7, and 7 min, respectively.
Therefore, the pattern of the f arinograms of AsA or DHA was similar to that of DKG or control. And the development time of AsA or DHA became faster than DKG or control. This may be caused by the immediate formation of SS cross-linkages from SH groups in the dough gluten. The formation of rigid gluten might decrease the development time. The addition of DKG gave almost similar farinogram to the control. Therefore, DKG, the hydrolyzed form of lactone ring of DHA, did not show any improving effect on dough.
Effects of additives on the temperature of starch gelatinization and SH content in wheat flour dough 
